The main function of Nucleus raphe magnus (NRM) is mostly pain mediation. Our previous study has demonstrated that oxytocin (OXT) regulates antinociception through the central nervous system rather than the peripheral organs, and pain stimulation increases OXT concentration in the NRM. The experiment was designed to investigate OXT in the rat NRM effect on pain modulation. The results showed that 1) pain stimulation increased OXT concentration in NRM perfusion liquid; 2) Intra-NRM microinjection of OXT increased the pain threshold in a dose-dependent manner, whereas intra-NRM microinjection of OXT receptor antagonist, desGly-NH 2 , d(CH 2 ) 5 [D-Tyr 2 , Thr-sup-4]OVT decreased the pain threshold; 3) NRM pre-treatment with OXT receptor antagonist completely attenuated the pain threshold increase induced by intra-NRM administration of OXT. The data suggested that OXT in NRM was involved in antinociception via OXT receptors.
INTRODUCTION
Nucleus raphe magnus (NRM), located directly rostral to the raphe obscurus, is afferently stimulated from axons in the spinal cord and cerebellum [1] . The NRM receives descending afferents from the periaqueductal gray (PAG), hypothalamic paraventricular nucleus (PVN), central nucleus of the amygdala, lateral hypothalamic area, parvocellular reticular nucleus and the prelimbic, infralimbic, medial and lateral precentral cortices [2] , which brain areas influence the main function of NRM [3] . NRM sends projections to the dorsal horn of the spinal cord to directly inhibit nociceptive neurotransmission [2] .
Oxytocin (OXT), a nonapeptide posterior hormone of the pituitary, is mainly synthesized and secreted in the hypothalamic supraoptic nucleus (SON) and PVN. This hormone, combined with an apparent carrier protein (neurophysin), is transported along the hypothalamohypophyseal pathway to the neurohypophysis, where it is stored for subsequent release [4] . The remarkable functions of OXT include uterine contraction during parturition, milk-ejection reflex during lactation, cardiovascular regulation, sex activity, learning and memory [4] . Recently, it has been demonstrated that OXT is related with pain modulation. Intraventricular injection (icv) of OXT increases the pain threshold, whereas administration of anti-OXT serum (icv) decreases the pain threshold [5, 6] . OXT is very similar to arginine vasopressin (AVP) in the structure, synthesis, source and distribution [7] . Intra-NRM microinjection of AVP increases the pain threshold, and local administration of vasopressin receptor antagonist decreases the pain threshold [8] . Through method of generated an OXT receptor-receptor mouse, in which part of the OXT receptor gene is replaced with Venus cDNA (a variant of yellow fluorescent protein), is to more precisely characterize OXT receptor-expressing neurons, Yoshida et al. has found that there are many OXT recaptors in the raphe nuclei including NRM [9] . Pain stimulation can change OXT concentration in the NRM tissue [5, 6] . However, it is still not clear how OXT in the NRM influences pain modulation. The present study was tried to investigate OXT in the rat NRM effect on pain modulation. mittee of Yangzhou University and conducted according to the guidelines of the International Association for the Study of Pain [10] .
Materials
OXT and desGly-NH 2 Rabbit anti-rat OXT serum was made by Department of Neurobiology, Second Military Medical University, Shanghai, China. The reactivity of the anti-OXT serum specificity was over 99.9% with the peptide itself and less than 0.1% with other similar peptides such as AVP and vasotocin. The dilution of the antiserum was 1:20,000 for radioimmunoassay.
Surgery
With the reference of Pellegrino L.J. rat brain atlas [11] , we implanted a stainless steel guide cannula with 0.5 mm outer diameter for nucleus microinjection or push-pull perfusion into the NRM (AP 8.4 mm, LR 0.5 mm, H 8.2 mm) under the pentobarbital sodium (35 mg/kg, intraperitoneal injection) anesthesia by the stereotaxic apparatus (Jiangwan I-C, Shanghai, China). The guide cannula was fixed to the skull by dental acrylic. All the operations were carried out in the aseptic condition and the rats would be allowed to recover for at least 14 days after the surgery.
Nociceptive Tests
All animals were tested under the condition of free activity in the small cages (30 cm in diameter, 25 cm in height) from 8:00 to 10:00 am. The potassium iontophoresis inducing tail-flick served as pain stimulus. The small round wet cotton (radius 1.8 mm and area about 10 mm 2 ) with the potassium iontophoresis was set on the tail skin. The cotton was exposed to direct electrical current, and the anode led the potassium iontophoresis to permeate the tail skin. If the current was strong enough, the permeated potassium iontophoresis resulted in the animal feeling the pain stimulation. The intensity of current at the moment of the response was recorded as the pain threshold, which was expressed as mA (WQ-9E Pain Threshold Measurer, Shanghai, China). The area size of electrode and concentration of potassium was all the same condition for evaluation of animal pain (or response to noxious stimulation) using by electric current. The duration between consecutive stimuli is 10 min, and the pain stimulus was terminated at once when the rat showed response to this stimulus.
Pain Stimulation
The direct electrical current produced by the anode of pain threshold measurer induced the acute pain to the tail skin by the potassium iontophoresis. The intensity was fixed to 1.2 ~ 1.4 times of pain threshold (0.6 -0.7 mA) over 1 min. For the sham stimulation, the animal has been done as the animal with pain stimulation except not giving the direct electrical current.
NRM Push-Pull Perfusion
A stainless steel needle with 0.3 mm outer diameter was directly implanted into the NRM guide cannula, 1 mm beyond the tip, for pushing artificial cerebral spinal fluid (ACSF, containing 0.1 M NaCl, 1.0 mM KH 2 PO 4 , 4.0 mM KCl, 2.0 mM MgSO 4 , 2.0 mM CaCl 2 , 2.1 mM Na-HCO 3 , and 8.0 mM Glucose) into the NRM, and pulling the ACSF out by the guide cannula. The entering ACSF was heated at 37˚C before pushing to the NRM of the consciously rat (0.05 ml/min), and the extracted fluid was collected at 0˚C every 10 min. The samples were stored at -80˚C for detection.
For NRM administration of OXT or OXT receptor antagonist, the solution, which contained the different dose of OXT or OXT receptor antagonist solved in 1.0 ml ACSF, was purified extract cross-reacted in parallel fashion with the perfusion liquid and was push into the NRM over 20 min during NRM push-pull perfusion. In fact, the perfusion style and method did not alter except for opening two cross-reacted switches in the parallel tube, which contained the different dose of OXT or OXT receptor antagonist solved in 1.0 ml perfusion liquid (ACSF).
NRM Microinjection
On the day of experiments, a stainless steel needle with 0.3 mm diameter for NRM microinjection was inserted into the guide cannula, 1 mm beyond the tip. The OXT or OXT receptor antagonist with 1-μl ACSF was gently injected into NRM over 10 min. For the control animal, only 1-μl ACSF was given.
Radioimmunoassay
OXT concentration was detected by specific antiserum. The peptide was labeled 125 Iodine by the chloramines-T method, and iodinated peptide was purified by Sephadex G-50 with the assay sensitivity of 1.0 pg/tube. The intraassay coefficient of variation was less than 3.6%, and inter-assay coefficient of variation was less than 6.7%, respectively.
Histological Verification
After the rat was sacrificed under a high dose of pentobarbital sodium (80 mg/kg, intraperitoneal injection), we injected the black dye into the NRM to observe the histological location of NRM push-pull perfusion or microinjection. The data were excluded from analysis if the positions were not accurate (Figure 1) , which pathological photo was same as that we reported before [8] . On the other hand, the intra-NRM injected black dye could prove that OXT or OXT antagonist limited to remain in the NRM after microinjection.
Statistical Analysis
Although referencing to the rat brain atlas, the little different induced by the rat individual difference was unavoidable which induced the gap in the OXT basal value of each rat NRM perfusion liquid in a same group. More rats in each group are necessary to meet the statistically significant if using the absolute values.
OXT concentration in NRM perfusion liquid was converted into the relative value comparing with the value itself before the treatment for the statistical analysis. Compared with its value, each value should be 0 at time before the treatment. The calculation was as follows:
Change value (%) Present value Value before treatment = 100 Value before treatment
 
All values were expressed as mean ± standard error of the mean (SEM) and were analyzed between groups by Origin v7.5 (Originlab Corporation, Northampton, MA, USA), which two-way analysis of variance (ANOVA), followed by the Bonferroni test and one-way ANOVA followed by Dunnett test and Newmann-Keuls test. p < 0.05 was considered statistically significant. 
RESULTS

Pain Stimulation Increased OXT Concentration in NRM Perfusion Liquid
The basal concentration of OXT in NRM perfusion liquid was 5.2 ± 1.7 pg/ml, respectively. Giving the rat 1 min pain stimulation, OXT concentration in NRM perfusion liquid increased to 237.8% ± 42.6% at 10 min (p < 0.001), 145.6% ± 29.4% at 20 min (p < 0.001) and 63.2% ± 33.7% at 30 min; But OXT concentration in NRM perfusion liquid did not change in the control group (Figure 2) .
Intra-NRM Microinjection of OXT Increased the Pain Threshold
Intra-NRM microinjection of 10 ng OXT/1 μl ACSF increased the pain threshold from 4.9 ± 0.4 mA to 9. 
Pretreatment with OXT Receptor Antagonist Blocked the Pain Threshold Increase Induced by Intra-NRM Microinjection of OXT
Intra-NRM microinjection of OXT increased the pain threshold, whereas intra-NRM microinjection of OXT receptor antagonist decreased the pain threshold. NRM pretreatment with 1.0 μg OXT receptor antagonist completely attenuated the pain threshold increase induced by intra-NRM microinjection of 10 ng OXT (Figure 5 ).
DISCUSSION
Having been used in many laboratories, the classical hot plate/tail-plate test to noxious heat, and hind paw withdrawal to noxious heating are very important to study the hyperalgesia/allodynia in animals with persistent/chronic pain. However, these tests have some problems in the special research for pain. For example, the latency (pain threshold) shows instability after the animal is tested many times, especially in the experiments that the duration between consecutive stimuli is short. On the other hand, it may cause the animal stress when the animal is removed from the hot plate after the test [12] . Many methods for pain threshold measurement including the hot plate test to noxious heat and tail-flick test to noxious potassium iontophoresis, have been compared in our laboratory since we studied pain modulation and acupuncture analgesia in 1954 [13] . We have found that the tail-flick test to noxious potassium iontophoresis is good, relatively, to keep the basic pain threshold stability in studying pain modulation and acupuncture analgesia, and is easy, specially, to control the animal extra-stimulation under the condition of free activity [14] . Like the classical methods for pain threshold measurement such as the hot plate/tailplate test to noxious heat and hind paw withdrawal to noxious heating, the tail flicking induced by potassium inotophoresis is not merely a spinal reflex [13] . Of course, it is better that the tail-flick test to noxious potassium iontophoresis can combine with classical methods for pain threshold measurement including the hot plate test to noxious heat in one experiment for pain research.
Nucleus raphe magnus (NRM) is a serotonergic nucleus located in the rostral ventromedial medulla of the brainstem. Axons of the NRM project to the spinal cord [1] , terminating primarily in the dorsal horn [2] . Brainstem nuclei that project to the dorsal horn of the spinal cord can function to inhibit afferent nociceptive transmission [7, 15, 16] . Activation of these descending antinociceptive pathways may be triggered by physiological stimuli [17] as well as by pharmacological agents [18] . Antinociception involving the NRM has been studies after either electrical stimulation or direct administration of pharmacological agents [19, 20, 21] . NRM is a key neural structure for pain modulation.
Oxytocin (OXT) is a peptide of nine amino acids (a nonapeptide): its systematic name is cys -tyr -ile -glnasn -cys -pro -leu -gly -NH 2 , which structure is very similar to that of arginine vasopressin (AVP) (cys -tyrphe -gln -asn -cys -pro -arg -gly -NH 2 ). OXT and AVP secreted from the pituitary gland cannot re-enter the brain because of the blood-brain barrier. Instead, the behavioral effects of OXT and AVP are thought to reflect release from centrally projecting OXT and AVP neurons, different from those that project to the pituitary gland, or which are collaterals from them. The similarity of the two peptides can cause some cross-reactions: OXT has a slight antidiuretic function, and high levels of AVP can cause uterine contractions. OXT receptors are expressed by neurons in many parts of the brain and spinal cord, including the amygdala, ventromedial hypothalamus, septum, nucleus accumbens and brainstem [22] . Intraventricular injection of OXT or AVP increases the nociceptive threshold, whereas local administration of anti-OXT serum or anti-AVP serum decreases the nociceptive threshold; pain stimulation can influence not only OXT but also AVP concentrations in some brain nuclei including the NRM [5, 6, 23, 24] . Intra-NRM microinjection of AVP increases the pain threshold, whereas intra-NRM microinjection of vasopressin receptor antagonist decreases the pain threshold; pain stimulation induces the NRM release of AVP [8] . AVP in NRM plays a role in pain modulation [25] . Similarly as AVP, OXT in NRM may be involved in pain modulation.
Some experiments have proven that NRM neurons project to the hypothalamic paraventricular nucleus (PVN) and supraoptic nucleus (SON) [26, 27] . Both PVN and SON, which are the main neural structure to syntheses and secret OXT [3] , can regulate the pain process [28] [29] [30] [31] . The present study showed that 1) pain stimulation increased OXT concentration in NRM perfusion liquid; 2) Intra-NRM microinjection of OXT increased the pain threshold in a dose-dependent manner, whereas intra-NRM microinjection of OXT receptor antagonist decreased the pain threshold; 3) NRM pre-treatment with OXT receptor antagonist completely attenuated the pain threshold increase induced by intra-NRM microinjection of OXT. The data suggested that OXT in NRM was involved in antinociception. Although the part of our present results, which intra-NRM injection of OXT increased the pain threshold whereas local administration of OXT receptor antagonist decreased the pain threshold, was same as Wang's report [32] , we discovered the points that NRM could release OXT to regulate pain process via OXT receptors.
The NRM receives descending afferents from many brain areas such as PVN, periaqueductal gray (PAG) [2] that are related with pain modulation [3] . The NRM releases enkephalin and endorphin when stimulated [25] . Many experiments have indirectly pointed that OXT may influence the endogenous opiate peptide system [32] [33] [34] [35] . Enkephalins co-exist with OXT in nerve terminals [36, 37] . The κ-and δ-opioid receptors are involved in the OXT antinociceptive effect in formalin-induced pain response in mice [38] . In the spinal cord, OXT can influence endogenous opiate peptides to participate in pain modulation [39, 40] . The relationship between OXT and endogenous opiate peptide system may be the base to understand the mechanism of OXT antinociceptive role in NRM.
After examination of the Venus expression in the raphe nuclei including NRM, Yoshida et al. has revealed that about one-half of tryptophan hydroxylase-immunoreactive neurons are positive for Venus. The data suggest that OXT plays a potential role in the modulation of serotonin release via OXT receptors in the raphe nuclei [9] . The interaction between OXT and serotonin in the NRM may be another way of OXT antinociceptive role in NRM.
In conclusion, the present study makes it clear that 1) NRM releases OXT during pain stimulation; 2) endogenous OXT influences the pain threshold; 3) OXT recaptors are related with OXT regulating pain process. The data suggested that OXT in NRM was involved in pain modulation via OXT receptors.
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